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(71) We, MuLLARD Limited, of Abacus 
House, 33 Gutter Lane, London, E.C.2, a 
British Company, do hereby declare the in- 
vention, for which we pray that a patent 
5 may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 
This invention relates to a circuit for sup- 

10 plying electrical current from an alternating 
voltage source to a load, including a semi- 
conductor switch for connection in series 
with the load such that current is supplied 
to the load via the switch while the switch 

15 is on, a trigger current generator for supply- 
ing trigger current to the switch to turn on 
the switch, and control means for turning 
on and off the trigger current generator. 
One example in the field of application 

20 of such a circuit is where the load is an elec- 
tric motor, whereby controlling the switch 
controls the speeds of the motor to drive, 
for example, the drum of a washing machine. 
A known circuit of the type described in 

25 the opening paragraph is disclosed in the 
MuUard Technical Handbook, Book one. 
Part seven, March 1975, on sheet TCA 280A 
page 7. The circuit shown includes a triac 
in series with a load and is designed for 

30 full wave a.c. phase control, i.e. for a given 
value of d.c. control voltage the triac should 
conduct for a corresponding proportion of 
each half cycle of the mains supply. A 
mains supply zero crossing detector together 

35 with a resistor-capacitor network provides a 
ramp wavefonn voltage in synchronism with 
and at double the frequency of the mains 
supply to one input of a difference ampli- 
fier, A d.c. control voltage is applied to the 

40 other input of the difference amplifier. For 
^ the portion of each half cycle of the mains 

supply for which the ramp waveform level 
exceeds the control voltage, the difference 
amplifier supplies a current to a further 

45 resistor-capacitor network causing a ramp 
function generator to operate and produce a 
burst of pulses whose width and repetition 
rate is dependent on the values of the re- 



sistor and the capacitor in said further net- 
work. In the circuit disclosed the pulse width 50 
is 15 p.s and the repetition rate is such as to 
provide a maximum of 30 pulses per half 
cycle of the mains. Each pmse of the burst 
is applied to an output amplifier which pro- 
vides a current pulse of the same width, and 55 
of an amplitude of 250 mA, to the trigger 
electrode of the triac. 

In normal operation of the above circuit 
with a resistive load, the triac will be turned 
on by the first one of each burst of trigger 60 
pulses and the remaining pulses of that burst 
will be redundant. A disadvantage of the 
circuit resides in the high total current con- 
sumption of the circuit in providing these 
redundant trigger pulses. If the load is in- 65 
ductive, the current through the triac and 
the load will lag the mains supply voltage by 
a portion of each half cycle of the mains 
which is called the load phase angle. The 
first portion of each half cycle of 5ie mains 70 
supply before the burst of trigger pulses 
commences is called the trigger angle. If the 
load phase angles is less than the trigger 
angle, then the triac will be turned on by 
the first one of each burst of trigger pulses 75 
as with a resistive load. If the load phase 
angle is greater than the trigger angle, then 
the first one of each burst of trigger pulses 
will not turn on the triac since it has not 
yet turned off. However, the next trigger 80 
pulse of the burst which occurs after the 
triac has turned off will turn it on again. 
This has the advantage of avoiding unidirec- 
tional conduction by the triac, but the trigger 
pulses of the burst before and after the one 
which is effective to turn it on wfll agam be 
redundant. If, with either a resistive or an 
inductive load, the triac is inadvertently 
turned off by an interruption of the series 
connection of the triac and the load with ^ 
the mains supplv, then the first trigger pulse 
which occurs after that series connection is 
restored will turn on the triac again. This 
has the advantage of reducing the power 
which would otherwise be lost to the load as 95 
a result of such an interruption, but trigger 
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pulses other than the first trigger pulse which 
occurs after the series connection is restored 
are again redundant. 
An object of the invention is to provide a 
5 circuit which hasi the same advantages as 
the above-described known circiiit in that 
when used with a triac for phase control of 
an inductive load unidirectional conduction 
of the triac is avoided and the power lost to 

10 the load as a result of an interruption of the 
series connection of the triac and the load 
with the mains supply is reduced, but which 
does not have the disadvantage of a high 
total current consumption associated with 

15 the provision of redundant trigger pulses. 

According to the invention there is pro- 
vided a circuit for supplying electrical cur- 
rent from an alternating voltage source to a 
load, including a semiconductor switch for 

20 connection in series with the load such that 
current is supplied to the load via the switch 
while the switch is on, a trigger current gener- 

- ator for supplying trigger current to the 
switch to turn on the switch, and control 

25 means for turning on and off the trigger 
current generator, characterised in that the 
control means includes comparator means 
for comparing two control voltages, detec- 
tion means responsive to the voltage across 

30 the switch, said detection means being adap- 
ted to provide a first detection signal if the 
voltage across the switch is larger in ampli- 
tude than a first predetermined value which 
is near zero volts but large enough such 

35 that if the switch is off it will hold on if 
it is then turned on, said detection means 
also being adapted to provide a second de- 
tection signal if the voltage across the switch- 
is smaller in amplitude than a second pre- 

40 determined value which is also near zero 
volts and furthermore is small enough to 
indicate that the switch has been substanti- 
ally turned on when it had previously been 
off, and means interconnecting the compar- 

45 ator means and the detection means such 
that, in normal operation, during those 
periods of time when a first one of said 
control voltages is above a second 
one of said control voltages the con- 

50 trol means is responsive to the first and 
second detection signals to respectively turn 
on and turn off the trigger current gener- 
ator. 

The basic idea of the ravention is that 
55 if the comparator of two control voltages is 
used to determine periods of time during 
which is desired that 'the semiconductor 
switch should be on, then detection of the 
voltage across the semiconductor switch is 
60 alone sufficient to determine both when trig- 
ger current pulses occur v/ithin those periods 
of time and also the width of those trigger 
pulses. : ' 

In the case of a triac used for full wave 
65 phase control, the first one of said control 



voltages will be above the second one of s£dd 
control voltages for a given portion of each 
half cycle of the alternating voltage source. 
For an inductive load with the load phase 
angle substantially less than the trigger angle 70 
the triac will be off at the beginning of that 
portion of the half cycle and the voltage 
across the triac will be larger than said first 
predetermined value. Said first detection 
signal will therefore be immediately pro- 75 
vided to turn on the trigger current gener- 
ator. As soon as the triac is substantially 
on, the second detection signal will be pro- 
vided to turn off the trigger current gener- 
ator. A typical trigger current pulse having 80 
an amphtude of 200 mA has a width of 
2 ,ju,s or less. In normal operation no fur- 
ther trigger current pulses will be provided 
until the beginning of the appropriate por- 
tion of the next half cycle of the alternating 85 
voltage source. For an inductive load with 
the load phase angle greater than the trigger 
angle the triac w3l be on at the beginning 
of that portion of the half cycle of the alter- 
nating voltage source for which the first 90 
control voltage is above the second control 
voltage. The voltage across the triac will 
be smaller than said first predetermined value 
and so the trigger current generator will re- 
main turned off. At the end of the load 95 
phase angle the current in the triac will re- 
duce to zero and the triac will turn off. The 
voltage across the triac will then begin to 
rise and when it is greater than sdd first 
predetermined value the trigger current gen- 100 
erator wiU be turned on. As soon as the 
triac is on, the trigger current generator will 
be turned off. In normal operation no fur- 
ther trigger current pulses will be provided 
until the end of the load phase angle in the 105 
next half cycle of the alternating voltage 
source. It will now be appreciated that if, 
whatever the relationship between the load 
phase angle and the trigger angle, the triac 
is inadvertently turned off by an interruption 110 
of the series connection of the triac and the 
load with the mains supply and this series 
connection is restored while the first control 
voltage is still above the second control volt- 
age, then a single trigger current pulse will 115 
be provided to turn the triac on again sub- 
stantially inmiediately after the restoration of 
the series connection. 

As will be explained in more detail later, 
the invention does not only provide for the 120 
phase control of inductive loads via triacs. 
Within the scope of the invention circuits 
can be provided for phase control {otherwise 
known as conduction angle control) or burst 
firing control (otherwise known as time- 125 
proportional control) or static (on-off) 
switch control of resistive loads or inductive 
loads or capacitive loads via triacs or thy- 
ristors. 

An embodiment of the invention wiH now 130 
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be described in detail with reference to the 
accompanying drawings, in which: — 

Figure 1 shows a mainly schematic circuit 
diagram of a circuit for supplying electrical 
5 current from an alternating voltage source 
to a load, according to the invention, and a 
load connected to that circuit. 

Figures 2 and 3 show waveforms \vhich 
illustrate the operation of the circuit of 
, 10 Figure 1 when the load is purely resistive. 

Figures 4 and 5 show waveforms which 
illustrate the operation of the circuit of 
Figure 1 when the load is inductive. 

Figure 6 shows the detail of a ramp gener- 
15 ator circuit which is part of the circuit of 
Figure 1, 

Figure 7 shows voltage waveforms associ- 
ated with Figure 6, 

Figure 8 shows the detail of a voltage 
20 comparator which is part of the circuit of 
Figure 1, 

Figure 9 shows the detail of detection 
means responsive to the voltage across the 
semiconductor switch, which means and 
25 switch are part of the circuit of Figure 1, 
and 

Figure 10 shows the detail of a rectified 
voltage supply circuit, including means for 
detecting when the voltage supply is below 
30 a predetermined value, and a trigger current 
generator which form part of the circuit of 
Figure 1. 

Referring now to Figure 1, a semiconduc- 
tor switch in the form of a triac T is con- 

35 nected in series with a load L between the 
neutral treminal 1 and the line terminal 2 of 
an alternating voltage source, for example 
240 volts r.m,s. at 50 Hz, such that current 
is supplied from the alternating voltage 

40 source to the load L while the triac T is on. 
The cathode of the triac T is connected 
directly to the neutral terminal 1 and the 
anode of the triac T is connected to the 
load L, which may be resistive, inductive or 

45 capacitive. The triac T is turned on by trig- 
ger current supplied to its gate electrode 
from a trigger current generator II. Control 
means for turning on and off the trigger 
current generator II include a comparator 

50 COMP for comparing a first control voltage 
Vo and a second control voltage Vr, and 
detection means DET responsive to the volt- 
age across the triac T. The control voltage 
Vc is a variable d.c. reference voltage de- 

55 rived from a potentiometer Rc and the 
control voltage Vr is a ramp waveform at 
double the frequency of the alternating volt- 
♦ age source from a ramp waveform generator 

100, whereby for a given value of the voltage 

60 Vc that voltage is above the voltage for 
. a given portion of each half cycle of the 

alternating voltage source. A supply circuit 
200 provides from the alternating voltage 
source a rectified voltage supply —V of a 

65 predetermmed normal magnitude for normal 



operation of the circuit. The supply circuit 
200 includes low supply voltage detection 
means for providing an output signal which 
disables a NAND gate Gl if the magnitude 
of the voltage supply —V is less than a 70 
predetermined value which is substantially 
less than said normal magnitude. When the 
output signal of the supply circuit 200 dis- 
ables the gate Gl, the output of the gate 
Gl disables the comparator COMP so that 75 
it cannot turn on the current generator 11. 
However, in normal operation of the circuit 
when the gate Gl is enabled it gates a first 
detection signal from the detection means 
DET to enable the comparator COMP and 80 
it gates a second detection signal from the 
detection means; DET to disable the com- 
parator COMP. Thus, in normal operation 
of the circuit during that portion of the half 
cycle of the alternating voltage source when 85 
the voltage Vc is above the voltage Vh, the 
output of the comparator COMP turns the 
trigger current generator II on and off when 
it is respectively enabled and disabled by the 
output of the gate Gl in response to the 90 
output of the detection means DET. The 
first detection signal to enable the compar- 
ator COMP is provided by the detection 
means DET if the voltage across the triac T 
is larger in amplitude than a first predeter- 95 
mined value which is near zero volts but 
large enough such that if the triac T is off 
it will hold on if it is then turned on. The 
second detection signal to disable the com- 
parator COMP is provided by the detection 100 
means DET if the voltage across the triac T 
is smaller in amplitude than a second pre- 
determined value which is also near zero 
volts and furthermore is small enough to 
indicate that the triac T has been turned on 105 
when it had previously been off. These first 
and second predetermined values of the volt- 
age across the triac T may conveniently 
coincide at a typical value of 20 volts. 

The operation of the circuit of Figure 1 is HO 
illustrated for the case where the load L is 
purely resistive by the waveforms of Figures 
2 and 3. 

Referring to Figure 2A, the control volt- 
ages Vc and Vr, pulses of trigger current Ig 115 
supplied by the current generator II to the 
triac T, the voltage Vt across the triac T 
and the voltage Vl across the resistive load 
L are shown as waveforms on the same time 
scale as the voltage Vs of the alternating 120 
voltage source. The rising portion of the 
ramp voltage waveform V^ occurs during a 
short time before and after each zero cross- 
ing of the source voltage Vs. A very short 
pulse of trigger current Ig turns on the triac 125 
at the times tl, t2 and t3 which are at the 
beginning of the portion of each half cycle 
of the source voltage Vg for which the volt- 
age Vc is above the voltage V^. An extra 
pulse of trigger current Ig also occurs at the 130 
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time t4 in response to a temporary interrup- 
tion of the series connection of the triac and 
the load with the source of voltage Vg. Since 
the load L is resistive, the current through 
5 the triac T and the load L are in phase with 
the voltage Vs. Thus at the time tO, the 
reduction of the voltage Vs to zero reduces 
the current through the triac T and the 
load L to zero and the triac turns off. Be- 

10 tween the times tO and tl, the triac is oS, 
that is to say it is in its high impedance 
condition, such that the voltage across 
the triac is substantially the voltage Vs 
whereas the voltage Vl across the load is 

15 substantially zero. At the time tl the triac 
is turned on, that is to say it is changed 
to its low impedance condition, such that 
between the time tl and the next zero cross- 
ing of the voltage Vs current is supplied 

20 from the source of voltage Vg to the load L 
via the triac with the voltage Vt across the 
triac being substantially zero and the volt- 
age Vl across the load being substantially 
the voltage Vs. The triac T is on for the 

25 same portions of the succeeding two half 
cycles of the voltage Vs, being turned on by 
the pulses of trigger current Ig at the times 
t2 and t3. At the time t4 there is a tem- 
porary interruption of the series connection 

30 of the triac and the load with the source of 
voltage Vg. At this time an extra pulse of 
trigger current Iq occurs, associated with this 
extra trigger pulse there is a temporary rise 
of the voltage Vt across the triac to just 

35 above the level at which the detection means 
DET is responsive, and the voltage Vj, across 
the load temporarily drops to substantially 
zero volts. 

Figure 2B shows the waveforms of Figure 

40 2A at the time tl on an expanded time scale 
wherein the width of the pulse of trigger 
current Ig occupies the time between the in- 
stants tlO and tl2. At the instant tlO the 
ramp voltage waveform V^ goes below the 

45 control voltage Vc. The voltage across the 
triac Vt is above the value Vd which is the 
coincident first and second values to which 
detector DET is responsive and so the com- 
parator COMP is enabled by the gate Gl 

50 and turns on the trigger current generator II 
to initiate the pulse of trigger current Ig. We 
have found that when a triac is off there is a 
minimum value of voltage across the triac 
which must be present for the triac to hold 

55 on if it is then turned on by a trigger current 
pulse. This minimum voltage value is typi- 
cally 2—5 volts with a resistive load of 
1.2kW and a Vs of 240 volts r.m.s. The 
voltage level Vi> to which the detector DET 

60 is responsive is set at a value which is well 
aibove that minimum value but very near 
zero volts in comparison with the value of 
the source voltage Vs for substantially the 
whole of each half cycle of the source volt- 

65 age. With an alternating sinusoidal source 



voltage of 240 volts r.m.s» at 50Hz having 
a peak value of 340 volts, a typical value of 
Vb which is suitable for the operation of the 
circuit of Figure 1 is 20 volts. From the 
instant tlO to the instant tU while trigger 70 
current Ig is supplied to the triac the triac 
remains off, the voltage Vt across it con- 
tinues to follow the voltage Vs and the volt- 
age across the load Vl remains substantially 
zero. At the instant til the triac begins to 75 
turn on, the voltage Vt begins to fall and the 
voltage Vl begins to rise. At the instant tl2 
the voltage Vt becomes less than the value 
Vx> and so the comparator COMP is dis- 
abled by the gate Gl and turns off the 80 
trigger current generator 11 to terminate the 
pulse of trigger current Ig. At the instant 
tl3 the triac has turned on, the voltage Vt 
is substantially zero, in fact at a typical very 
small value one volt associated with its 85 
low impedance in the on state, and the volt- 
age across the load Vl is substantially the 
source voltage Vg. The value Vi^, typically 
20 volts, is higher than the voltage across 
the triac when it has turned on at the time 90 
tl3 but it is also near zero volts in com- 
parison with the 340 volts peak value of the 
voltage Yb and is small enough to indicate 
that the triac has been substantially turned 
on when it had previously been off, such that 95 
the pulse of trigger current Ig can be termi- 
nated at the time tl2. A given triac will 
require a certain minimum value of trigger 
current to be applied to its gate electrode in 
order to turn on; furthermore the trigger 100 
current at whatever value above that mini- 
mum value will have to be applied for a 
minimum time such that a total charge is 
appUed to the gate electrode which is suf- 
ficient to turn the triac on; and still further- 105 
more the triac will take a certain time to re- 
spond to that applied charge before it turns 
on. For the MuUard triac type BT139 which 
has a normal minimum trigger current of 
35niA, a suitable trigger current supplied by 110 
the current source II of the circuit of Figure 

1 is typically 200 mA. In this case the dura- 
tion of the pulse of trigger current Ig shown 
in Figure 2A is typically between 1 j^s and 

2 ,pjs. The actual duration will firstly depend 115 
on llie charge required to turn on the par- 
ticular triac and will secondly depend on the 
speed with which the triac responds to that 
charge to turn on. The values of these two 
factors will vary from nominal values ac- 120 
cording to manufacturing variations for a 
nominally standard triac. The actual dura- 
tion will thirdly depend on the time taken 

for the voltage across the triac Vt to drop 
below the value Vp from whatever value it 125 
is at when it starts to turn on, which will 
vary according to when the trigger pulse 
occurs within the half cycle of the source 
voltage Vs. By detecting the voltage across 
the triac Vt and terminating the trigger cur- 130 
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rent pulse when this voltage drops below the 
value Vd, the duration, of the trigger current 
pulse is allowed to vary in response to these 
three varying factors. 
5 Figure 2C shows the waveforms of Figure 
2A at the time t4 on an expanded time scale. 
At the instant t40 the triac T is on such that 
the voltage Vt is substantially zero and the 
voltage Vl across the load is substantially 

10 that of the source voltage Vs. An interrup- 
tion of the series connection of the triac and 
the load with the source voltage Vg reduces 
the voltage Vl and the voltage Vt to zero 
volts where they remain until the instant t41 

15 when the series connection is restored. The 
voltage Vt then rises towards the source 
voltage Vs while the voltage Vj, remains 
substantially zero. At the instant t42 the 
voltage Vt becomes greater than the voltage 

20 Vb and since this is during the period when 
the voltage Vc is still above the voltage Vb, 
the detector DET enables, via the gate Gl, 
the comparator COMP to turn on the trig- 
ger current generator II to initiate a pulse of 

25 trigger current Ig. From the instant t42 to 
the instant t43 while trigger current Ig is 
supplied to the triac the triac remains off, 
the voltage Vt across it continues to rise to- 
wards the voltage Vs and the voltage across 

30 the load Vl remains substantially zero. At 
the instant t43 the triac begins to turn on, 
the voltage Vt begins to fall and the voltage 
Vl begins to rise. At the instant t44 the 
voltage Vt becomes less than the value Vd 

35 and so the comparator COMP is disabled 
by the gate Gl and turns off the trigger cur- 
rent generator II to terminate the pulse of 
trigger current IG. At the instant t45 the 
triac has turned on, the voltage Vt is sub- 

40 stantially zero, and the voltage across the 
load Vl is substantially the source voltage 
Vs. 

Referring now to Figure 3A, the control 
voltages Vc and Vb, pulses of trigger current 

45 Ig, the voltage Vt across the triac and the 
voltage Vl across the resistive load are 
shown as waveforms on the same time scale 
as the source voltage Vs for the case in 
which the voltage Vc is continuously above 

50 the voltage Vb. In this case a pulse of trig- 
ger current Ig turns on the triac at the time 
t5, t6 and t7 very soon after the beginning 
of each half cycle of the alternating voltage 
Vs. At the times t5, t6 and t7 there is a 

55 temporary rise of the voltage Vt to just 
above the level at which the detection means 
DET is responsive, and the voltage Vl across 
the load is substantially the voltage Vs for 
substantially all the time. Figure 3B shows 

60 the waveforms of Figure 3A at the time t5 
on an expanded time scale. At the instant 
t50 the voltage Vs reduces to zero which re- 
duces the current through the triac T to zero 
and turns it off. The voltage Vt then rises 

65 substantially at the same value as the source 



voltage Vs while the voltage across the load 
Vl is substantially zero volts. At the instant 
t51 the voltage Vt becomes greater than the 
voltage Vd and since the voltage Vc is above 
the voltage Vb, the detector DET enables, 70 
via the gate Gl, the comparator COMP to 
turn on the trigger current generator II to 
initiate a pulse of trigger current Ig. From 
the instant t51 to the instant t52 while trig- 
ger current lo is supplied to the triac the 75 
triac remains off, the voltage Vt across it 
continues to rise at substantially the voltage 
Vfi and the voltage across the load Vl re- 
mains substantially zero. At the instant t52 
the triac begins to turn on, the voltage Vt 80 
begins to fall and the voltage Vl begins to 
rise. At the instant t53 the voltage Vt be- 
comes less than the value Vd and so the 
comparator COMP is disabled by the gate 
Gl and turns off the trigger current gener- 85 
ator II to terminate the pulse of trigger cur- 
rent Ig. At the instant t54 the triac has 
turned on, the voltage Vt is substantially 
zero, and the voltage across the load Vl is 
substantially the source voltage Vs. 90 

The operation of the circuit of Figure 1 is 
illustrated for the case where the load L is 
inductive by the waveforms of Figure 4 and 
5. 

Referring to Figure 4A. the control volt- 95 
ages Vc and Va, pulses of trigger current 
Ig supplied by the current generator 11 to 
the triac T, the current Itl through the triac 
T and the inductive load L, the voltage Vt 
across the triac T and the voltage Vl across 100 
the inductive load L are shown on the same 
scale as the vohage Vs of the alternating 
source. A pulse of trigger current Ig turns 
on the triac at the times t2, t4 and t5 which 
are at the beginning of the portion of each 105 
half cycle of the source voltage Vs for which 
the voltage Vc is above the voltage Vr. An 
extra pulse of trigger current Ig also occurs 
at the time t6 in response to a temporary 
interruption of the series connection of the 110 
triac and the load. Since the load L is in- 
ductive, the current Itl through the triac T 
and the load L lags the voltage Vg. Thus at 
the time tO when the voltage Vs is reduced 
to zero, current Itl still flows through the 115 
triac and the load. The current Itl reduces 
to zero at the time tl so that the triac turns 
off, that is to say it goes into its high im- 
pedance condition such that the voltage Vr 
across the triac becomes substantially the 120 
voltage Vs whereas the voltage Vl across 
the load becomes substantially zero. The 
portion of the half cycle of the voltage Vs 
between the times tO and tl is the load phase 
angle. Between the times tl and t2, the triac 125 
remains off and the voltages Vt and Vl re- 
main substantially the same as the voltages 
Vs and zero volts respectively. At the time 
t2 the triac is turned on, the voltage Vt be- 
comes substantially zero and the voltage Vl 130 
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becomes substantially the voltage Vs. The 
portion of the half cycle of the voltage Vs 
between the zero crossing of the voltage Vs 
at the time tO and the pulse of trigger cnr- 

5 rent at the time t2 is cafled the trigger angle. 
In the case shown in Figure 4A, the load 
phase angle is less than the trigger angle. 
Between the times t2 and 13 the voltage Vt 
remains substantially zero, the voltage Vl 

10 remains substantially the voltage Vs and a 
pulse of current Iti. is supplied from the 
source of voltage Vs to the load via the 
triac. A second pulse of current Iti/ com- 
mences at the time t4 and a third pulse of 

15 current Itl commences at the time t5. 

Figures 4B and 4C show the waveforms of 
Figure 4A at the times t2 and t6 on an 
expanded time scale. The operation of the 
circuit of Figure 1, and its effect on the 

20 waveforms Ig, Vt and Vi, at the instants tlO 
to tl3 as shown in Figure 4B and at the 
instants t40 to t45 as shown in Figure 4C 
are the same as the operation of the circuit 
of Figure 1 and its effect on the waveforms 

25 1q, Vt and Vl which has already been des- 
cribed with reference to- the instants tlO to 
tl3 and the instants t40 to t45 shown in 
Figures 2B and 2C respectively. The effect 
on the waveform Itl is also shown in Figures 

30 4B and 4C and wiU be appreciated by com- 
parison with tile expanded waveforms of Vl. 

Referring now to Figure 5A, the control 
voltages Vc and Vb, pulses of trigger current 
Ig, the current Iti. tlurough the triac and the 

35 inductive load, the voltage Vt across the 
triac and the voltage V^ across the inductive 
load are shown as waveforms on the same 
time scale as the source voltage Vs for the 
case in which the voltage Vc is continuously 

40 above the voltage Vs- In this case a pulse 
of trigger current Ig turns on the triac at the 
times t8, t9 and tlO each time very shortly 
after the triac has turned off as a result of 
the reduction to zero of the current through 

45 the triac at the end of the load phase angle. 
The first zero crossing of the source voltage 
Vs on these waveforms is shown as occur- 
ring at the time tl. The portion of the half 
cycle of the voltage Vg between the times 

50 tl and t8 is the load phase angle. Since the 
voltage Vo is continuously above the voltage 
Ve. the tripper angle is zero. Thus in the 
case shown in Figure 5A the load phase 
angle is greater than the trigger angle. At 

55 the times t8, t9 and tlO there is a temporary 
rise of the voltage Vt to just above the level 
at which the detection means DET is re- 
sponsive, and the voltage Vi, across the load 
temporarily drops to zero volts. Otherwise 

60 the voltage Vi, across the load is substantially 
the voltage Vs for substantially all the time, 
and the current Itl through the triac and 
the load is substantially continuous. Figure 
5B shows the waveforms of Figure 5A at the 

65 time t8 on an expanded time scale. At the 



instant t80 the current Itl reduces to zero 
and the triac turns off. From the instant tSO 
to the instant t82 the voltage across the load 
Vl drops from substantially the source volt- 
age Vs to substantially zero volts. From the 70 
instant t80 the voltage across the triac Vo? 
rises towards the source voltage Vg. At ^ 
the instant t81 the voltage Vr becomes 
greater than the voltage Vi> and, since the 
voltage Vc is above the voltage Vr, the de- 75 
tector DET enables, via the gate Gl, the 
comparator COMP to turn on the trigger 
current generator II to initiate a pulse of 
trigger current Iq. From the instant t81 to 
the instant t83 while trigger current Ig is 80 
supplied to the triac the triac remams off, so 
that the current I^x, remains zero and the 
voltage Vt across the triac continues to rise 
towards the voltage Vs. The voltage across 
the load Vl remains substantially zero from 85 
the instant t82 to the instant t83. At the 
instant t83 the triac begins to turn on, the 
current Itl begins to rise, the voltage Vt 
begins to faU and the voltage Vl begins to 
rise. At the instant t84 the voltage Vt be- 90 
comes less than the value Vd and so the 
comparator COMP is disabled by the gate 
Gl and turns off the trigger current gener- 
ator to terminate the pulse of trigger current 
Ig. At the instant t85 the triac has turned 95 
on, the current Itl is on the curve of the 
substantially continuous current pulse shown 
in Figure 5A, the voltage Vt is substantially 
zero and the voltage across the load Vl is 
substantially the source voltage Vs. 100 

The operation of the circuit of Figure 1 
for the case where the load L is capacitive 
wiU be similar to the operation just described 
with reference to Figures 4 and 5, takmg 
into account the fact that the current Itl will 105 
lead the voltage Vs instead of lagging it. 

Possible realisations of the component 
parts of the circuit shown in Figure 1 will 
now be described in detail 

Referring to Figures 6 and 7, the ramp 110 
waveform generator 100 and its operation 
are shown in detail. The base and emitter 
respectively of two transistors TRl and TR2 
are respectively connected to the junction of 
two resistors Rl and R2 coimected between 115 
the line terminal 2 which is at the alternating 
source voltage Vg and the neutral terminal 
1 which is at zero volts. The emitter and 
base respectively of the transistors TRl and 
TR2 are connected to the neutral ter- 120 
minal 1 of the alternating voltage source, 
and the collectors of both transistors TRl 
and TR2 are connected via a current source t 
12 to the rectified negative voltage supply 
—V. The collectors of the transistors TRl 125 
and TR2 are also connected to the base of 
a transistor TR3 whose emitter is connected 
to the zero voltage terminal 1 and whose col- 
lector is connected via a resistor R3 to the 
negative voltage supply —V. A capacitor 130 
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Ce is connected between the zero voltage 
terminal 1 and the collector of the transistor 
TR3. 

When the alternating voltage Vs is low, 

5 that is to say close to zero volts, then the 
transistors TRl and TR2 both do not con- 
duct and so the current source 12 can 
switch on the transistors TR3. The periods 
during which the transistor TR3 is switched 

10 on are shown by the lower level portions of 
the pulse voltage waveform A; and during 
these periods the transistor TR3 discharges 
the capacitor towards the zero voltage 
terminal 1 which is shown by the rising por- 

15 tion of the ramp voltage waveform Vu- 
During each half cycle of the alternating 
source voltage when the voltage Vg at the 
terminal 2 is sufficiently positive or suffici- 
ently negative, then the transistor TR2 or 

20 the transistor TRl respectively will conduct 
and the transistor TR3 will be switched off. 
The capacitor will during this time charge 
via the resistor R3 towards the negative volt- 
age supply —V which is shown by the fall- 

25 ing portion of the ramp voltage waveform 

The voltage comparator COMP shown in 
Figure 1 which compares the d.c. control 
voltage Vc and the ramp voltage waveform 

30 Vb may be realised as shown in Figure 8. 
A long tailed pair of transistors TR4 arid 
TR5 is operative to compare the voUages Vc 
and Vb applied to their respective bases when 
a current source 13 connected between their 

35 two emitters and the zero voltage neutral 
terminal 1 is gated on by the output of the 
NAND gate Gl. When the ramp voltage 
Vr is lower than the control voltage Vc the 
transistor TR4 conducts and the transistor 

40 TR5 does not conduct and vice versa. The 
collectors of the transistors TR4 and TR5 
are connected to the collector and base re- 
spectively of a transistor TR6 whose emit- 
ter is connected to the negative voltage sup- 

45 ply -V. When the transistor TR4 con- 
ducts and the transistor TR5 does not con- 
duct, then the transistor TR6 conducts and 
the potential across the transistor TR6 turns 
on the trigger current generator XL When 

50 the transistor TR5 conducts and TR4 does 
not conduct then TR6 will prevent any input 
into II, interference resulting from leakage 
currents thus being prevented. When the 
current source 13 is not gated on by the 

55 output of the gate Gl, both transistors TR4 
and TR5 cannot conduct and therefore the 
trigger current generator II cannot be turned 
* on. 

The detection means DET shown in 

60 Figure 1 which is responsive to the voltage 
across the triac T may be realised as shown 
in Figure 9. A potential divider consisting 
of resistors R4 and R5 is connected between 
the zero volts neutral terminal 1 and the 

65 anode of the triac T. This reduces the mag- 



nitude of the voltage Vt across the triac T to 
an appropriate level at the junction of the 
resistors R4 and R5 which junction is con- 
nected to the emitter of a transistor TR7 and 
the base of a transistor TR8. The base of 70 
the transistor TR7 and the emitter of the 
transistor TR8 are connected to the terminal 
1. The collectors of the transistors TR7 and 
TR8 are connected together and, via the re- 
sistor R6, to the negative voltage supply —V. 75 
The collectors of the transistors TR7 and 
TR8 also provide an output to the NAND 
gate GL When the voltage Vt across the 
triac T is of positive polarity or of negative 
polarity having a magnitude greater than the 80 
voltage Vi) then the transistor TR7 or the 
transistor TR8 respectively conducts and 
provides the first detection signal to the 
NAND gate Gl. If the NAND gate Gl is 
enabled by the output signal of the supply 85 
circuit 200, this first detection signal enables 
the comparator COMP. When the voltage 
Vt across the triac T is of positive polarity 
or of negative polarity having a magnitude 
less than the voltage Vd then the transistors 90 
TR7 and TR8 both do not conduct and the 
second detection signal is provided to the 
NAND gate Gl whereby the comparator 
COMP is disabled. 

The supply circuit 200 shown in Figure 1 95 
which provides the negative voltage supply 
—V from the alternating voltage source and 
also an output signal if the magnitude of the 
supply —V is less than a predetermined 
value may be realised as shown in Figure 100 
10. A possible realisation of the trigger cur- 
rent generator II which is part of the circuit 
shown in Figure 1 is also shown in Figure 
10. The alternating source voltage across 
the neutral terminal 1 and the line terminal 105 
2 is rectified by a half -wave rectifying diode 
Dl, lowered in voltage by a resistor R7 and 
smoothed by an electrolytic capacitor Cs. 
The voltage across the capacitor Cg provides 
the negative supply voltage —V and this is 110 
stabilised at a typical value of —8 volts by 
two diodes D2 and D3 and a zener diode Z 
connected in series with each other and in 
parallel with the capacitor Cs. The trigger 
current generator II consists of a transistor 115 
TR9 whose emitter is connected to the sup- 
ply —V, whose collector is connected to the 
gate electrode of the triac T via a resistor 
R8 and whose base is connected to the 
output of the comparator COMP. 120 

When the transistor TR9 is turned on by 
the output of the comparator COMP it sup- 
plies a current to the gate electrode of the 
triac T whose value is determined by the 
resistor R8. As has been previously men- 125 
tioned, a typical trigger current pulse sup- 
plied by the source II has an amplitude of 
200 mA but a short duration of 2 jjls or less. 
Furthermore, as has been explained above 
with reference tO' Figures 2 to 5, in normal 130 
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operation of the circuit a trigger current 
pulse occurs only once per half cycle of the 
alternating voltage source. Since the high 
trigger current of 200 mA is required for 
5 such a small proportion of each half cycle 
of the alternathig voltage source, the total 
averaged continuous current consumption of 
all the component parts of the circuit of 
Figure 1 which are supplied with the nega- 

10 tive voltage supply —V from the supply ck- 
cuit 200 is low. This means that the electro- 
lytic capacitor Cs of the supply circuit 200 
discharges by only a small amount during 
alternate half cycles of the source voltage, 

15 and a small charging current to the capacitor 
Cs of typically 5 mA r.m.s. supplied through 
a high value resistor R7 of typically 50K 
ohms in the other alternate half cycles of the 
source voltage is ample to maintain the 

20 supply voltage —V at its required value of 
typically —8 volts. The resulting low power 
dissipation of the resistor R9, typically 0.6 
watts, is of course also advantageous for the 
cool running of the circuit, 

25 A transistor TRIO has its emitter con- 
nected to the neutral line 1, its base is con- 
nected via a resistor R9 to the junction of 
the diode D3 and the zener diode Z, and its 
collector is connected via a resistor RIO to 

30 the supply voltage —V. The collector of the 
transistor TRIO provides an output to the 
NAND gate Gl. The transistor TRIO will 
conduct and provide an enabling signal to 
the gate Gl if the voltage across the capaci- 

35 tor Cs is greater than the zener voltage of 
zener diode Z and the diode voltage of the 
diode D3, typically 7.3 volts for a nominal 
stabilised voltage of —8 volts of the supply 
—V. If the voltage across the capacitor Cs 

40 is less than this value of 7.3 volts then the 
gate Gl is disabled and the trigger current 
generator II cannot be turned on. With 
the power supply circuit 200 realised in the 
maimer described, this enablmg output to 

45 the gate Gl is necessary to ensure that the 
trigger current generator II can only be 
turned on when the supply —V is large 
enough for it to supply a trigger current 
whose amplitude is sufficient to turn on the 

50 triac T. 

Some possible modifications with the 
scope of the invention of the detailed em- 
bodiment described above with reference to* 
Figures 1 to 10 are as follows. 

55 In the above-described circuit of Figure 1 
the trigger current generator II provides a 
negative trigger current to the gate electrode 
of the triac T which turns it on in both the 
positive polarity and negative polarity half 

60 cycles of the alternating source voltage. The 
trigger current generator could be adapted 
to provide a positive trigger current instead. 
Another possibility is to provide a trigger 
current generator which produces negative 

65 trigger current and positive trigger current to 



the gate electrode of the triac T in alternate 
half cycles of the alternating voltage source. 

In the above-described circuit of Figure 1 
a variable d.c. control voltage Vc and a fixed 
ramp waveform voltage Vr are applied to 70 
the comparator COMP. Alternatively, the 
d.c. control voltage Vc could be jfixed and 
the ramp waveform voltage could be 
variable. This is to say that the frequency 
of the ramp waveform Vu would remain 75 - 
fixed at double the frequency of the alter- 
nating voltage source but the waveform of 
that frequency could be variable so as to 
control the point in each half cycle at which 
the voltage Vr goes below the voltage Vc- 80 
For this purpose a variable resistor or a vari- 
able capacitor could be used to vary the 
shape of the waveform V^, or a variable 
potential could be used to vary the level of 
a fixed shape waveform Vr. 85 

In the above description. Figures 3 and 5 
illustrate the operation of tite circuit of 
Figure 1 when the voltage Vc is continuously 
above the voltage Vr. With the frequency 
of the waveform V:a supplied by the ramp 90 
waveform generator 100 at double liie fre- 
quency of the alternating voltage source. 
Figures 3 and 5 show the full firing con- 
dition, that is to say substantially continuous 
current supply to the load, for phase (con- 95 
ductive angle) control of the triac T. It will 
be appreciated that by the simple means of 
modifying the ramp waveform generator 100 
to provide a voltage waveform Vr having a 
lower frequency^ for example one thousandth 100 
that of the alternating source voltage, the 
circuit of Figure 1 will provide burst firing 
(time proportional) control of the triac T. In 
this case the voltage Vc will be above the 
voltage Vu for a number of half cycles of the 105 
alternating voltage source which is a pro- 
portion of the number of half cycles in each 
period of the waveform V^, and for that pro- 
portion of each period of the waveform Vb 
trigger pulses will occur once per half cycle 110 
in the same manner as shown in Figures 3 
and 5 to maintain a substantially continuous 
current supply to the load L. 

A further possibility is to provide a vari- 
able d.c. voltage instead of a ramp wave- 115 
form Vr, for example a temperature depart- 
ment d.c. voltage which is compared with 
the control voltage Vc to provide thermo- 
static control of current to the load L in the 
form of a heating resistor. This is an example 120 
of static (on-off) control of the triac T, that 
is to say that substantially continuous cur- 
rent will be supplied to the load L in the 
manner shown in Figure 3 while the voltage 
Vc is above the temperature dependent volt- 125 
age substituted for the ramp voltage Vb and 
no current will be supplied to the load while 
the voltage Vc is below that temperature de- 
pendent voltage. Static control for inductive 
or capacitive loads may also be provided 130 
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with continuous current supply during the 
"on" periods in the manner shown in Figure 

The detection means DET of the circuit of 
5 Figure 1 which is shown in detail in Figure 
9 is arranged to provide a first detection 
signal if the voltage across the triac T is 
greater than a first predetermined value, and 
to provide a second detection signal if the 
' 10 voltage across the triac T is smaller than a 
second predetermined value. The first and 
second predetermined values coincide at the 
value Vi> which is typically 20 volts. How- 
ever, the first and second predetermined 

15 values fulfill different criteria and so need 
not be coincident. The detection means DET 
could be suitably realised in a manner dif- 
ferent to that shown in Figure 9 so as to res- 
pond to first and second predetermined 

20 values of the voltage across the triac which 
are not coincident. 

In the circuit shown in Figure 1, the de- 
tection means DET, comparator COMP and 
the trigger current generator 11 are con- 

25 nected in the circuit such that the first and 
second detection signals respectively enable 
and disable the comparator COMP and such 
that the output of the comparator COMP 
turns the trigger current generator II on 

30 and off. However, the comparator COMP 
could be permanently enabled and its out- 
put gated with the output of the detection 
means DET via a suitably rearranged gate 
Gl to turn the trigger current generator II 

35 on and off. In either case, means are pro- 
vided interconnecting the comparator COMP 
and the detection means DET such that, in 
normal operation, during those periods of 
time when a first control voltage applied to 

40 the comparator COMP is above a second 
control voltage applied to the comparator 
COMP, control means including the com- 
parator COMP, the detection means DET 
and the interconnection means is responsive 

45 to the first and second detection signals to 
respectively turn on and turn off the trigger 
current generator II. 

The circuit shown in Figure 1 includes a 
triac T via which current can be supplied to 

50 the load L in both half cycles of the alter- 
nating source voltage. Another example of a 
semiconductor switch which can be used in 
a circuit according to the invention is a thy- 
ristor. The detailed circuit of Figure 1 would 

55 be modified as follows. A positive rectified 
supply voltage would be provided instead of 
the negative rectified supply ~V. The de- 
tection means DET would be re-arranged to 
respond to voltage across the thyristor of 

60 only one polarity. The trigiier current jjene- 
rator II would be such as to supply positive 
trigger current to the gate electrode of the 
thyristor. The thyristor can be in series with 
the load and the alternating voltage source 

65 via a bridge rectifier, or the thyristor can be 



one of a pair of thyristors included in a 
bridge rectifier each thyristor being thereby 
in series with the load and the alternating 
voltage source. Alternatively the thyristor 
can be used to supply current to the load 70 
only in half cycles of the alternating voltage 
source of a single polarity. In this latter case, 
when the circuit is used for phase control, 
the ramp voltage waveform generator 100 
shown in detail in Figure 6 would be re- 75 
arranged so that the capacitor remains 
discharged for alternate half cycles of the 
alternating voltage source. 

WHAT WE CLAIM IS:— 80 

1. A circuit for supplying electrical cur- 
rent from an alternating voltage source to a 
load, including a semiconductor switdi for 
connection in series with the load such that 85 
current is supplied to the load via the switch 
while the switch is on, a trigger current gener- 
ator for supplying trigger current to the 
switch to turn on the switch, and control 
means for turning on and off the trigger 90 
current generator, characterised in that the 
control means includes comparator means 

for comparing two control voltages, detec- 
tion means responsive to the voltage across 
the switch, said detection means being adap- 95 
ted to provide a first detection signal if the 
voltage across the switch is larger in ampli- 
tude than a first predetermined value which 
is near zero volts but large enough siuch 
that if the switch is off it will hold on if 100 
it is then turned on, said detection means 
also being adapted to provide a second de- 
tection signal if the voltage across the switch 
is smaller in amplitude than a second pre- 
determined value which is also near zero 105 
volts and furthermore is small enough to 
indicate that the switch has been substanti- 
ally turned on when it had previously been 
off, and means interconnecting the compar- 
ator means and the detection means such HO 
that, in normal operation, during those 
periods of time when a first one of said con- 
trol voltages is above a second one 
of said control voltages the con- 
trol means is responsive to the first and 115 
second detection signals to respectively turn 
on and turn off the trigger current gener- 
ator, 

2. A circuit as claimed in Claim 1, in 
which said first and second predetermined 120 
values coincide. 

3. A circuit as claimed in Claim 1 or 
Claim 2, in which the semiconductor switch 
is a triac, in which one of the two control 
voltages is a variable d.c. reference voltage 125 
and in which means are provided for pro- 
ducing the other of the two control voltages 

as a ramp waveform at double the frequency 
of the alternating voltage source, whereby 
for a given value of the d.c. reference volt- 130 
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age the first one of said control voltages is 
above the second one of said control volt- 
ages for a given portion of each half cycle 
of the alternating voltage source. 

4. A circuit as claimed in any one of 
Claims 1 to 3, in which the detection means, 
comparator means and trigger current gene- 
rator are connected in the circuit such that 
the first and second detection signals res- 
pectively enable and disable the comparator 
means and such that the output of the com- 



parator means turns the trigger current gene- 
rator on and off. 

5. A circuit for supplying electrical cur- 
rent from an alternating voltage source to a 
load substantially as herein described with 
reference to the accompanying drawings. 
B. T. STEVENS, 
Chartered Patent Agent, 
Mullard House, Torrington Place, 
London WCIE 7HD. 
Agent for the Applicants. 
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